Abstract. The hydrogen Gorsky effects (HGE) measurements were carried out in amorphous Ca5,Ti5, for which the data for the hydrogen Snoek peak (HSP) have been compiled. In the hydrogen concentration, CH, range below 1 at.%, the hydrogen diffusion process changes over from the short circuit mode to the detrapping mode with increasing CH and is much smaller than where his the strain tensor around a hydrogen atom. For C$1 at.%, the hydrogen diffusion proceeds by the detrapping mode. The whole hydrogen atoms contribute to the HGE although only hydrogen atoms sitting on the sites with G being nearly equal to contribute to the HSP, where G is the site energy and p the chemical potential of hydrogen atoms. The results are expected as a dispersion in G is much larger than thermal energies and the nearest neighbor blocking for hydrogen occupation is the case. (dh)2 is much larger than suggesting that one or two of hl, $ and is (are) negative for C$l at.%.
INTRODUCTION
The anelasticity study of hydrogen (H) in amorphous (a-) alloys has been ignited and stimulated by Berry and Pritchet [e.g., 1-51, The hydrogen Snoek peak (HSP) reflecting the short range diffision gives information about the local atomic structures and the hydrogen Gorsky effect (HGE) due to the long range diffusion provides insight into the site connectivity, respectively. The observed features, however, strongly depend on alloy compositions: For the relaxation strength of the HSP, reported are the almost linear increase with the concentration of hydrogen, CH, in a-Pd,SilOO-x (x=80, 86 [2] [3] [4] ), the camel like CH dependence in a-Cu50Ti50 and a-Cu50Zr50 [6, 7] and the intermediate behavior in a-Co33Zr67 [8] , where the underlying process for the HSP is in dispute. The pre-exponential factor, DG,0, of the chemical diffusion coefficient for the long range diffision (here, for the HGE) also varies strongly depending on alloy compositions (see Fig.2 (b) and [3] [4] [5] [9] [10] [11] [12] ). To pursue the systematic understanding of the behaviors of H atoms in a-alloys, we carried out the HGE measurements in a-Cu50Ti50 for which the HSP data have been compiled.
EXPERIMENTAL
Amorphous Cu50Ti50 ribbons of 25-thick and lmm wide were prepared by a melt spinning method in an Ar gas atmosphere. ARer mechanical polishing in water of the surface layer by 5pm, hydrogen charging was made electrolytically in 0.1N H2S04 at room temperatures. CH in specimens was estimated by a vacuum extraction method. The HGE was measured as elastic after effects in bending strain in the temperature range between 320 and 340 K where the gage length of a specimen was about 20 mm. DG,O and the activation energy, EG, in the chemical diffusion coefficient were estimated from the Arrhenius plot of the relaxation time for the HGE and the thickness of specimens. Because of the limited measurement temperature range, the experimental errors in EG are as large as about f 10%. Examples of the errors in DG,0 will be shown in Fig.2(b) . The relaxation strength, AG, of the HGE was estimated from the observed relaxation strength after taking into account an elapsed time for prestraining. See [9] for details. where the solid line 1 is drawn to guide eyes. In after the dilatation measurements [14] , fJ=3.7
which is reported for the tetrahedral sites in metalmetal a-alloys [IS] and the appropriate values for The AG data observed in the CH range between 1 and 10 at.% show good agreement with the calculated values, suggesting that the whole H atoms contribute to the HGE in the CH range. The deviation from the linear increase found for CH>10 at.% will be mentioned later.
Figure l(F) shows the CH dependence of ARIAG for CH>l at.%, where AR is the relaxation strength of the HSP observed in as-quenched a-Cu50Ti50 specimens; the curve 3 for the total AR and the curve 4 for the AR-1 of the predominant constituent HSP-1 ( [6] and also see Fig.2(a) ). AR being fairly larger than AG suggests that (6h)2 is much larger than (trh)2, i.e., one or two of Al, & and h3 should be negative. As a matter of fact, the X-ray and dilatation measurements [14] indicate that one or two of Al, & and h3 is (are) negative. The CH dependence of AG being diierent from that of AR is emphasized. The camel l i e changes in AR suggest that only H atoms sitting on the sites with G being nearly equal to p can contribute to the HSP, where G is the site energy and p the chemical potential of H atoms [6-71.
Figures 2(a) and (b) show the CH dependence of EG and DG,0, respectively. In Fig.2(a) , the activation energies Em (m=0-5) reported for the constituent HSP-m are also shown, where the HSP-1 is always predominant and the constituent AR-m for the HSP-m decreases in the order of m=l to 5, and 0 161. For C >1 at.%, the values of EG are similar to those of Em=1, where both EG and Em=1 decrease with H increasing CH. In Fig.2(b) , the solid line 1 is drawn to guide eyes. The arrow 2 denotes the order of DG,0 reported in a-Ni40Zr60 [S] and a-P%Siloo, (x=8O, 86[2-41, x=81,83[10]), the dashed line 3 the order of DG,0 in crystalline Cu, Ni, Pd, Nb, Ta and V [18] and the arrow 4 the order of DG,0 in a-Fe40Ni40P14B6 [ l l ] and a-Pd73.2X8.2Si18 (X=Ni, Cu, Ag, Cr, Fe [12] ), respectively. The low value of DG,0. indicated by the arrow 4 is suggested to reflect the existence of short circuits such as dislocations In crystalline materials [ll] . On the other hand, the high value of DG,0 indicated by the arrow 2 is surmised to suggest that H atoms sitting on the sites with G s p can migrate via the sites with higher G and lower migration activation energies, i.e., detrapping motions [2-4, 91. The present values of DG,0 found for CH>l at.% are comparable with DG,0 indicated by the arrow 2, and tend to decrease with increasing CH. The former result suggests that the long range diffusion of H atoms in a-Cu50Ti50 proceeds through detrapping motions. The latter is explained as a result of filling of H sites from the bottom.
We discuss the different CH dependence found for AG and AR at first. As already reported in a- 
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For a dilute interstitial solid solution of crystalline materials, AG can be written [13] C U~~T~~~ and a-Cu50Zr50 [6, 7] , the camel l i e changes in AR can be expected when a dispersion in G is much larger than thermal energies and H atoms sitting on the sites with C;Ip do not contribute to the HSP because of the nearest neighbor blocking for vacant sites due to nearby H-atoms. In other words, a distribution of the density of active two level systems is narrow and located at around G-p.. In contrast to the HSP, all the H atoms can contribute to the HGE because equilibration in the H occupation can be achieved for any sites through detrapping motions of H atoms. On the other hand, the deviatory decrease in AG found for CH>10 at.% suggests that one part of H atoms hardly contributes to the HGE in the CH range, because trh remains unchanged for CH below 20 at.% [14] . We surmise that detrapping motions of H atoms from the sites with lower G are practically retarded due to an increase in activation energies of detrapping or geometrical blocking by an increase in number of nearby H atoms. When a dispersion in G is not so large or a restriction for the site blocking is more moderate than for the nearest neighbor blocking, a linear increase in AR can be expected. As a matter of fact, in a-Pd,Siloo-x (x-80) [Z-41, the observed linear increase in AR is suggested to reflect a moderate restriction for site blocking because of a dispersion in G being much larger than thermal energies. For a -C~~~Z r , j , [8] , we surmise that a restriction for site blocking is intermediate between those mentioned above because of the intermediate CH dependence of AR re~orted.
For the HSP, the constituent HSP-m with lower activation energies than EmCl are observed.
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On the other hand, EG found in the HGE is similar -to Em=1. The results suggest that the activation energies for detrapping motions for the HGE are C 0.6-8
nearly equal to Em=l and that for the HSP, the a constituent HSP-m (m=O and 2 to 5) with lower activation energies are not due to the detrapping motion but through migration between neighboring sites (see Fig.7 in 171) . For the constituent HSP-1, the firther work is required to clarify whether the HSP-1 proceeds via migration between neighboring sites or the detrapping motion.
-(a) at.%; all the quantities show a steep increasefollowed by an abrupt decrease with increasing 3 CH, suggesting that the underlying process for the ' lo-6 HGE is Werent from that for CH above 1 at.%. 3
The low values of EG and Dqo found for CHC0.2 fl at.% are similar to those reported in a-10-8 Fe40Ni40P14B6 [l 11 and a-Pd73,2X8.2Si!8 (X=Ni, Cu, Ag, Cr, Fe [12] ) suggesting the existence of short circuits for the long range diffusion. The 10-10 steep increases in EG and DG,0 with increasing CH are explained by a change in the diffusion process 0 1 2 3 4 5 1 0 20 from the short circuit mode to the detrapping CH (at.%) mode. Since no percolation path spanning the sites with G-p is expected for such a low CH range, we surmise that some line defects such as An increasing rate of AG with CH found for CH below 1 at.% is about 10 times larger than for C above 1 at.%, suggesting a larger value of (trh)2 for CH below 1 at.%. On the H other hand, such a strong increase in the HSP is not observed for CH below 1 at.% [6] , suggesting that for the sites in the CH range below 1 at.%, (6h)2 is much smaller than (trh)2 and the maximum H content in the sites is about 1 at.%. Since for CH above 1 at.%, H atoms occupy the tetrahedral sites in the order of Ti4, Ti3CuI and so on in we surmise that the sites responsible for CH below 1 at.% are the Ti6-octahedral sites.
CONCLUSION
The CH range below 1 at.%:-The H diffusion process in a-CuSoTiS0 turns from the short circuit mode to the detrapping mode with increasing CH. For the h tensor around a H atoms, (6h)2 is much smaller than (trh)2 in the CH range. We surmise that the H sites in the CH range are the Ti6-octahedral sites and some line defects serve as short circuits. The CH range above 1 at.%: The H diffusion in a-Cu50Ti50 proceeds by the detrapping mode where H atoms are known to occupy the tetrahedral sites. The whole H atoms contribute to the HGE although only H atoms sitting on the sites with G-p contribute to the HSP. These results are expected as a dispersion in G is much larger than thermal energies and the nearest neighbor blocking is the case. For the h tensor around a H atom in the CH range, one or two of hl, and h3 is (are) negative.
